Introduction
Lipopeptides are secondary metabolites of many microorganisms. They consist of an oligo peptide bound to a saturated fatty acid. The pep tide chain usually contains several non-proteinogenic amino acids. Macrocyclic structures formed by lactone or lactame units seem to be more com mon than acyclic representatives. The fatty acid can be straight or branched and often carries a R-3-hydroxyl group. Due to their amphiphilic char acter (hydrophobic fatty acid and hydrophilic pep tide part), the lipopeptides are detergents that of-fer several advantages to the producing bacteria: It enables them to grow on hydrophobic surfaces (Matsuyama et al., 1992) and to use hydrocarbons as carbon source by forming emulsions (Yakimov et al., 1995) . A formation of ion channels increases the permeability of the cell membranes, which re sults in the loss of K + (Hutchinson et al., 1995) ; the fungicide activity based on this mechanism could eventually be used in human medicine (Potera, 1994) . A plant deleterious effect can be reached by the destruction of the protecting wax film of leaves, which allows bacterial growth inside the plant and results in its death (Laycock et al., 1991) .
B acteria frequently live in surroundings where the amount of soluble iron compounds is limited. In order to secure a sufficient supply, most of them produce F e3+ complexing substances, so-called siderophores. Since F e 3+ forms octahedral complexes, three bidentate ligands have to be provided that frequently are connected by aliphatic spacers, which brings them into the correct position. A large variety of structural types has been identified ranging from simple compounds such as salicylic acid (M eyer et al., 1992) to highly complex chro mopeptides such as the pyoverdins of the fluores cent pseudomonads (Budzikiewicz, 1997 ). Yet so far, only one example is known where lipopeptides act as siderophores, viz. the ornibactins from Pseu dom onas cepacia (Stephan et al., 1993) . We wish now to report a second example, corrugatin (1) from Pseudom onas corrugata. Corrugatin has sev eral structural pecularities, the most notable being the rarely encountered amino acid ß-hydroxy-His. 0939-5075/98/0500-0295 $ 06.00 © 1998 Verlag der Zeitschrift für Naturforschung. All rights reserved.
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Pseudomonas corrugata is a soil-borne phytopa thogenic bacterium first isolated in 1978 from in fected tomato (Scarlett et al., 1978) and later also isolated from pepper plants (Lopez et al., 1994) . In contrast, by two Australian strains the take-all disease of wheat was diminished significantly and the growth of diseased plants was increased (R y der and Rovira, 1993); P. corrugata may be useful for biocontrol applications (Kovacevich and R y der, 1991). P. corrugata cells cause hypersensitive reactions (H R ) in nonhost tobacco (Devlin and Gustine, 1992; Gustine et al., 1994), and elicit phy toalexin (medicarpin) biosynthesis (Gustine et al., 1990) and active oxygen burst in white clover (D e vlin and Gustine, 1992 ). An uncharacterized phy toalexin elicitor (Gustine et al., 1990) and two H R elicitors from P. corrugata were reported (Gustine et al., 1994; Gustine et al., 1995). The taxonomical placement of P. corrugata within the genus Pseu domonas is controversial; by some authors it was included in the rRN A homology group I related to the fluorescent pseudomonads (for a detailled discussion see: Sutra et al., 1997, who also give an emended description of P. corrugata). The sidero phore pattern, viz. absence of pyoverdins and for mation of a lipopeptide siderophore should sug gest a closer relationship with P. cepacia (rR N A homology group II).
Material and Methods

Bacterial strain
Pseudomonas corrugata used in this work was isolated from alfalfa roots (Lukezic, 1979) . 
Chemicals
Separation techniques
Adsorption
resins: X A D -2 ( 0 .3 -1 .0 mm) (Serva, Heidelberg), purified by shaking with 1% methanolic HC1, washing with H20 until neutral and activated by sucking air through the packed column for 6 hrs, interrupted every half hr by moistening with H 20 ; Sep-Pak R P i8 cartridges (W aters, Milford, M A, U S A ). Low pressure chro matography: Sephadex G-15 (equilibrated with H 20 ) and peristaltic pump P-3 (Pharmacia, Upp sala, S). H PLC : Nucleosil-100 C 18 (5 |im), Polygosil 60 C 18 (7 jim), Kromasil 100-C4 (5 |im), N ucleodex-ß-OH (M acherey & Nagel, Düren), H PL C pump 64 (Knauer, Berlin), buffer solutions (1) 0.58 H 4E D T A + 0.4 ml 25% NH3/1 (pH 6.0), (2) 3.9 ml triethylamine + 3.9 ml formic acid (9 9 .8 -1 0 0 % )/l (pH 3.1), (3) 2.5 ml triethylamine + 6 ml glacial acetic acid/1 (pH 3.9). 
A m ino acid analysis
Hydrolysis (6 n HC1, 110 °C ), TA P derivatization GC-MS and G C analysis on a chiral column was performed as described earlier (Jacques et al., 1995).
Dansylation of the 7-day hydrolysate (1 mg 1): A fter removal of HC1 by distillation i.v., the resi due was dissolved in 12 ml 40 mM Li2C 0 3 buffer (pH 9.5) and a solution of 6 mg dansyl chloride in 9 ml acetonitrile was added. The mixture was kept over night in the dark at room temp., treated with 0.2% ethylamine in H 20 and brought to dryness, redissolved in 20 ml 0. Free amino groups were detected by treating 1 mg 1 dissolved in 2 ml 40 mM Li2C 0 3 buffer with 1.5 mg dansyl chloride in 1 ml acetonitril for 2 hrs at 37 °C. After addition of 1 ml 2% ethylamine in H 20 and after 5 min of 0.5 ml 10% H C O O H , acet onitril was distilled off, the residue was adsorbed on a Sep-Pak cartridge, washed with H 20 , and eluted with isopropanol/H20 1:1 (v/v). A fter re moval of isopropanol by distillation, the dansy lated 1 was hydrolyzed (cf. above) for 21 hrs. A fter removal of HC1 and concentration, the residue was adsorbed on Sep-Pak, non-dansylated amino acids were desorbed with H 20 and the dansylated ones with isopropanol/H20 1:1 (v/v). R P -H P L C analysis was conducted on Nucleosil with a gradi ent isopropanol/buffer 2 going from 10 to 35% iso propanol (column temp. 50 °C).
For hydrazinolysis, 0.5 g 1 and 0.5 ml water-free N2H4 were heated to 89 °C for 18 hrs. Excess N2H 4 was removed i.v., and the residue was dissolved in 1 ml H 20 and extracted for 1 hr with 1 ml freshly distilled benzaldehyde. The phases were separated by centrifugation, the aqueous phase was ex tracted twice with 1 ml ether each, brought to dry ness i.v. and TA P derivatized (see above). 
1-^C-measurements
The spectra were also measured in unbuffered D 20 (Table II) 
Mass spectrometric studies
The interpretation of the mass spectral data was facilitated by comparison of the spectra of 1 and per-1:>N -l as the mass differences indicated the number of N-atoms present in fragment ions. In the FA B-spectra several ions could be identified which can be associated with cleavages between specific amino acids units with charge retention at the N-terminal part (after Ser2, m/z 521; Ser1, m/z 608; O H A sp1, m/z 739; O H Asp2, m/z 952). Of structural interest is the loss of ß-hydroxy-amino acid side chains by a M cLafferty mechanism when they are located next to a tetrahydropyrimidine ring (Fig. 3) . 2) is L-Ser.
